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OBJECTIVE

Children whose parents have diabetes are at increased risk for developing type 2
diabetes. This report assessed relationships between parental diabetes status and
baseline demographics, anthropometrics, metabolic measurements, insulin sen-
sitivity, and b-cell function in children recently diagnosed with type 2 diabetes.

RESEARCH DESIGN AND METHODS

The sample included 632 youth (aged 10–17 years) diagnosed with type 2 diabetes
for <2 years who participated in the TODAY clinical trial.Medical history datawere
collected at baseline by self-report from parents and family members. Youth
baseline measurements included an oral glucose tolerance test and other mea-
sures collected by trained study staff.

RESULTS

Youth exposed to maternal diabetes during pregnancy (whether the mother was
diagnosed with diabetes prior to pregnancy or had gestational diabetes mellitus)
were diagnosed at younger ages (by 0.6 years on average), had greater dysglyce-
mia at baseline (HbA1c increased by 0.3% [3.4mmol/mol]), and had reducedb-cell
function compared with those not exposed (C-peptide index 0.063 vs. 0.092). The
effect ofmaternal diabetes onb-cell functionwas observed in non-Hispanic blacks
and Hispanics but not whites. Relationships with paternal diabetes status were
minimal.

CONCLUSIONS

Maternal diabetes prior to or during pregnancy was associated with poorer gly-
cemic control andb-cell function overall but particularly in non-Hispanic black and
Hispanic youth, supporting the hypothesis that fetal exposure to aberrant metab-
olism may have long-term effects. More targeted research is needed to under-
stand whether the impact of maternal diabetes is modified by racial/ethnic
factors or whether the pathway to youth-onset type 2 diabetes differs by race/
ethnicity.
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The prevalence of type 2 diabetes among
adolescents has increased by 30% in the
past decade (1). Once considered an adult
disease, type 2 diabetes now represents
20–50% of new cases of youth-onset dia-
betes and disproportionately affects mi-
nority racial and ethnic groups (1).
Obesity in the young clearly contributes
to the emergence of type 2 diabetes, but
other factors are likely involved. Youth
with type 2 diabetes often have an af-
fected parent, suggesting a genetic com-
ponent to disease development. Previous
studies have reported that maternal ef-
fects are stronger than paternal (2–5)
and relate to the degree of gestational
dysglycemia (6). In addition, it has
been observed that exposure to diabe-
tes during pregnancy may affect off-
spring through epigenetic mechanisms
(2,7). The impact of the in utero environ-
ment is illustrated by the threefold
higher risk of developing diabetes in off-
spring exposed to an intrauterine dia-
betic environment compared with
unexposed siblings (8).
Several reports have described the ef-

fects of parental diabetes on various
physiological measures in nondiabetic
offspring and on the incidence of
type 2 diabetes (5,9,10), but informa-
tion on the effect of parental diabetes
on adolescents with newly diagnosed
type 2 diabetes is limited. Treatment
Options for type 2 Diabetes in Adoles-
cents and Youth (TODAY) was a multi-
center randomized clinical trial of
diabetes treatment modalities for the
management of recent-onset type 2 di-
abetes in youth and has the largest and
best-characterized group of youth with
type 2 diabetes to date (11). A recent
report from TODAY (12) examined rela-
tionships between various parental
characteristics and youth outcomes in
those families with a parent who signed
informed consent agreeing to be ac-
tively involved in the youth’s diabetes
care and management. Those data
showed that having a parent with dia-
betes was associated with a youth’s
higher HbA1c at baseline and decreased
ability to maintain glycemic control on
randomized treatment over time. In this
study, we used self-report data col-
lected at baseline on all biological par-
ents of the TODAY youth participants to
more closely examine the effect of pa-
rental diabetes status on metabolic
and glycemic function in the youth at

baseline (prior to start of randomized
treatment), including effects related to
exposure to diabetes during pregnancy.
Measures of insulin secretion and b-cell
function were further analyzed by
racial/ethnic subgroup.

RESEARCH DESIGN AND METHODS

The rationale, design, and methodology of
TODAYwere reported previously (13).Ma-
terials developed and used for the TODAY
standard diabetes education program
and the intensive lifestyle intervention
program are available to the public at
https://today.bsc.gwu.edu/. Briefly, the
study group of 15 participating clinical cen-
ters enrolled 699 multiethnic youth aged
10–17 years between July 2004 and Feb-
ruary 2009 who had been diagnosed with
type 2 diabetes within the previous 2
years, had a BMI $85th percentile for
age and sex, had a fasting C-peptide
.0.6 ng/mL, and were negative for diabe-
tes autoantibodies (GAD-65 and tyrosine
phosphatase). Prior to randomization, par-
ticipants completed a 2- to 6-month run-in
period in which they demonstrated mas-
tery of standard diabetes education, were
weaned from nonstudy diabetes medica-
tions, maintained glycemic control (HbA1c
,8% [,64 mmol/mol]) on metformin
alone (500–1,000 mg twice daily), and
demonstrated adherence to studymedica-
tion and visit attendance. Participants who
successfully completed the run-in phase
were randomized to one of three treat-
ment arms: metformin monotherapy,
metformin plus rosiglitazone, or metfor-
min plus an intensive lifestyle intervention
program. The primary objective of TODAY
was to compare the three arms in terms of
time to treatment failure (i.e., loss of gly-
cemic control), defined as either HbA1c
$8% ($64 mmol/mol) over a 6-month
periodor inability towean from temporary
insulin therapy within 3 months after
acute metabolic decompensation (11).
The protocol was approved by an external
evaluation committee convened by the
National Institute of Diabetes and Diges-
tive and Kidney Diseases of the National
Institutes of Health and by the institutional
review board for each of the participating
institutions. All participants provided both
informedparental consent andminor child
assent.

Measurements and Outcomes
Parental medical history was obtained
at the baseline visit through interview

with a parent, adult caregiver, or other
knowledgeable family member. Infor-
mation collected on the biological par-
ents included parental age at participant
birth, current height and weight, and di-
abetes history, including age at diabetes
diagnosis and whether the mother had
diabetes during the pregnancy. Re-
sponses were used to classify mother’s
diabetes status as during the pregnancy
(a combination of diagnosed before or
during the pregnancy) (“during”), after
the youth participant’s birth (“after”), or
never diagnosed (“never”). The during
category grouped together mothers di-
agnosed with diabetes prior to or during
the pregnancy in order to assess the ef-
fect of fetal exposure to the maternal
diabetic environment. Paternal diabetes
was dichotomized as “ever” or “never.”

Demographic and anthropometric data
collected on youth at baseline included
age, duration of diabetes, sex, birth
weight, height, weight, percent body fat
fromDEXA, andwaist circumference (14).
Anthropometric measures were made by
trained certified staff members, and BMI
was calculated as weight in kilograms di-
vided by the square of height in meters.
Race/ethnicity was determined by self-
report on two separate items: 1) partici-
pants checked Hispanic/Latino ethnicity
yes or no and 2) participants checked as
many racial categories as needed. Partic-
ipants were categorized as non-Hispanic
black, non-Hispanic white, Hispanic, or
other (combination of categories that
were too small for separate analysis).

HbA1c measurements and oral glu-
cose tolerance tests (OGTTs) were per-
formed at baseline and processed
immediately according to standardized
procedures at the TODAY central labo-
ratory (13). Insulin sensitivity was calcu-
lated as the inverse of fasting insulin
(1/IF), the C-peptide index (CPI) as the ratio
of the incremental C-peptide and glu-
cose responses over the first 30 min of
the OGTT (CPI = ΔC30/ΔG30), and the
C-peptide oral disposition index (CPoDI), a
measure of b-cell function relative to
insulin sensitivity, as the product of in-
sulin sensitivity multiplied by the CPI
(CPoDI = 1/IF 3 ΔC30/ΔG30) (15). We
used C-peptide instead of insulin to
compute the index and oral disposition
index because of the potential influence
of ethnic differences in insulin clearance
(16). The HOMA index was not included
in the present analysis, as HOMA has
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been shown to offer no advantage
over the simpler fasting indices (i.e., in-
verse of fasting insulin) in adolescents
with type 2 diabetes (17). Negative values
for the CPI and suspected nonfasting
blood results were treated as missing
values.

Sample
The analysis was performed on TODAY
participants for whom maternal diabe-
tes history was available (632 of 699
[90.4%]). Comparison of the analysis
sample with the 67 not included showed
theywere equivalent for baseline demo-
graphics (sex, race/ethnicity, birth
weight, months since type 2 diabetes
diagnosis) and weight metrics (BMI
z score, waist circumference), but those
not included were 6 months older at
study entry (14.4 vs. 13.9 years old, P =
0.0457). For the 632 participants with
available maternal diabetes history, pa-
ternal diabetes history was available for
494. Those with complete parental diabe-
tes history did not differ from those with-
out paternal diabetes history for baseline
characteristics described above.

Statistical Methods
Generalized linear models were used to
examine differences in TODAY partici-
pants at baseline by maternal and/or
paternal diabetes status. All models
evaluating anthropometric and meta-
bolic outcomes in the youth were ad-
justed for sex, race/ethnicity, and age
at baseline. Insulin sensitivity, CPI, and
CPoDI were log transformed prior to
testing to normalize the distributions.
Pairwise comparisons were performed
if the overall test was significant. For
exploration of whether race/ethnicity
modified the association between
maternal diabetes and b-cell function
indices, an interaction term between
race/ethnicity and maternal diabetes
status was tested in models similar
to those described above. A P value
,0.05 was considered significant with-
out adjustment for multiple compari-
sons, and all analyses were considered
exploratory. SAS, version 9.3 (SAS Insti-
tute, Cary, NC), was used for all analyses.

RESULTS

In the analysis sample of 632, 215 (34%) of
mothers had diabetes during the preg-
nancy, 77 (36%) of whom were diagnosed
prior to the pregnancy; 101 (16%) were
diagnosed after the pregnancy, and 316

Figure 1—Insulin sensitivity (inverse fasting insulin) and b-cell function (CPI and CPoDI) were
compared by maternal (left) and paternal (right) diabetes status. Maternal diabetes
was categorized as during pregnancy, after pregnancy, or never diagnosed; paternal diabetes
categories are ever or never diagnosed. Testing was performed separately for each parent
in models adjusted for participant’s sex, race/ethnicity, and age at baseline, and significant
(P, 0.05) comparison categories are shown linked. Variables were log transformed to normalize
the distributions. oDI, oral disposition index.
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(50%) were never diagnosed with diabe-
tes. Of the 494 with paternal data, 158
(32%) of biological fathers reported having
been diagnosedwith diabetes by the base-
line visit.

Baseline Demographics and
Anthropometrics
Table 1 compares demographic, parental,
anthropometric, and metabolic charac-
teristics across categories of diabetes sta-
tus in each parent. Participants whose
mother had diabetes during pregnancy
were significantly younger at diagnosis
and more likely to be male than those
withmothers diagnosedwith diabetes af-
ter the pregnancy or never; participants
whose father ever had diabetes were less
likely to be male. For term pregnancies
(62 weeks from expected date of deliv-
ery), birth weight was higher among in-
fants whose mother had diabetes during
pregnancy compared with those who
were never diagnosed with diabetes;
participants whose mother developed
diabetes after their birth had birth
weights intermediate between those
who had diabetes during pregnancy
and those who never had diabetes but
otherwise shared similar demographic
and anthropometric characteristics
with those whose mothers never had
diabetes. Parental diabetes status was
not related to youth adiposity as deter-
mined by BMI z score, percent body fat
from DEXA, or waist circumference. Par-
ents diagnosed with diabetes were
slightly older at the time of participant

birth compared with those never diag-
nosed with diabetes (see Table 1).

Baseline Metabolic Control
A history of parental diabetes had an
overall detrimental relationship with
metabolic status in the youth, with the
influence of maternal diabetes being
greater than paternal (Table 1). Partici-
pants whose mothers had diabetes dur-
ing or after pregnancy had increased
fasting and 2-h post-challenge blood
glucose concentrations compared with
thosewhosemothers never had diabetes.
HbA1c was increased (P , 0.0001) by
0.3% (3.4 mmol/mol) in those whose
mothers had diabetes during pregnancy
compared with those never diagnosed,
while those whose mothers were diag-
nosed after pregnancy had intermediate
but still significantly different values. Pa-
ternal diabetes status had no relationship
with blood glucose measures from OGTT,
but there was a small difference (P =
0.0241) of 0.1% (1.8 mmol/mol) greater
HbA1c in the ever versus never groups.

Baseline Insulin Sensitivity and
Secretion
Insulin sensitivity was not related to pa-
rental diabetes status. In contrast, insu-
lin secretion and CPoDI were lower in
those born to mothers who were ever
diagnosed with diabetes compared with
those whose mothers never had diabe-
tes. There was no difference between
those whose mothers had diabetes dur-
ing pregnancy versus those who were

diagnosed after. There was no signifi-
cant effect of paternal diabetes on mea-
sures of insulin secretion other than a
trend (P = 0.12) for lower CPI in the youth
born to fathers diagnosed with diabetes
(Fig. 1).

Maternal and Paternal Diabetes Status
Combined
In the sample of 494 who had both ma-
ternal and paternal diabetes data, paren-
tal diabetes status was regrouped to
analyze differences in anthropometric
and metabolic outcomes by whether
only the mother, only the father, neither,
or both parents had ever been diagnosed
with diabetes. The maternal during and
after groups were collapsed because pre-
vious analysis produced similar results.
Therewerenobetween-groupdifferences
in racial/ethnic composition (data not
shown). HbA1c and 2-h glucose were
significantly higher and CPI was signifi-
cantly lower in those with a parental
history of diabetes, regardless of whether
it was the mother, father, or both who
had been diagnosed. Fasting glucose
was higher and CPoDI lower in the
mother-only group versus the neither
parent group, but the father-only
group was no different than the nei-
ther group (Table 2).

Racial/Ethnic Subgroup Analysis
Interaction terms for race/ethnicity and
maternal diabetes in models adjusted
for youth age at baseline and sex were
significant for CPI (P = 0.0084) and CPoDI

Table 2—Baseline participant anthropometric and metabolic outcomes by joint parental diabetes status*

Parental diabetes status (n = 494)

B (n = 79) MO (n = 174) FO (n = 78) N (n = 163) P†

Anthropometric
Birth weight at term (g) 3,427 6 676 3,703 6 780 3,180 6 687 3,312 6 588 0.0009B vs. FO, MO vs. FO, MO vs. N

BMI z score 2.3 6 0.5 2.2 6 0.4 2.2 6 0.5 2.2 6 0.5 0.5600
% body fat from DXA 37.9 6 6.4 37.5 6 6.8 37.9 6 6.3 37.2 6 5.8 0.8361
Waist circumference (cm) 108.8 6 18.4 107.9 6 14.6 110.8 6 18.2 107.9 6 16.3 0.4089

Metabolic
HbA1c (%) 6.1 6 0.8 6.1 6 0.8 6.1 6 0.7 5.8 6 0.6 <0.0001B vs. N, MO vs. N, FO vs. N

HbA1c (mmol/mol) 43.7 6 8.3 43.1 6 8.4 42.9 6 8.2 39.8 6 6.8
Fasting blood glucose (mg/dL) 114.7 6 25.4 115.8 6 27.9 108.0 6 25.2 104.1 6 19.6 <0.0001B vs. N, MO vs. FO, MO vs. N

2-h blood glucose (mg/dL) 210.9 6 65.0 214.2 6 65.0 208.6 6 58.5 183.4 6 59.5 <0.0001B vs. N, MO vs. N, FO vs. N

Insulin sensitivity [1/IF] (mL/mU)‡ 0.047 6 0.030 0.048 6 0.033 0.052 6 0.037 0.047 6 0.037 0.4961
CPI [ΔC30/ΔG30] (ng/mL per mg/dL)‡ 0.062 6 0.051 0.066 6 0.062 0.077 6 0.068 0.098 6 0.084 <0.0001B vs. N, MO vs. N, FO vs. N

CPoDI [1/IF 3 ΔC30/ΔG30]‡ 0.00286 0.0026 0.0029 6 0.0027 0.0035 6 0.0035 0.0040 6 0.0035 0.0074B vs. N, MO vs. N

Data aremean6 SD. B, both parents; FO, father only; MO, mother only; N, neither. *Parental diabetes status determined from self-report as ever or
never diagnosed with diabetes. †P values from generalized linear models examining differences in TODAY participants by parental diabetes status;
P values,0.05 (in boldface type) were considered statistically significant. Models were adjusted for participant’s sex, race/ethnicity, and age at baseline. If
the overall test was significant, pairwise comparisons were performed and significant comparisons were reported. ‡Variables were log transformed to
normalize the distributions.
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(P = 0.0147), indicating that the rela-
tionship between maternal diabetes
status and the indexes differed across
the racial/ethnic groups. Figure 2 com-
pares measures of b-cell function and
insulin secretion (CPI and CPoDI) by
race/ethnicity and by whether the
mother was ever diagnosed with dia-

betes. Among non-Hispanic blacks and

Hispanics, both CPI and CPoDI were sig-

nificantly lower in those with mothers

diagnosedwith diabetes; there was no dif-

ference in non-Hispanic whites. In the

group with mothers never diagnosed

with diabetes, CPI and CPoDI were signif-

icantly lower in non-Hispanic whites

than in non-Hispanic blacks or Hispanics;

there were no racial/ethnic differences

in the group with mothers ever diag-

nosed. In addition, there was no effect

of paternal diabetes within and between

racial/ethnic groups for either CPI or

CPoDI; i.e., the interaction of paternal

diabetes status with race/ethnicity was

not significant in the models.
Youth BMI z score was significantly

lower (P = 0.031) in the non-Hispanic
white participants whose mothers were
never diagnosed with diabetes (mean
2.0), after adjustment for age and sex,
compared with the other groups (2.2–
2.3). However, adjustment for BMI

z score in the analysis did not have an
impact on any of the findings shown in
Fig. 2.

In our sample, maternal BMI among
non-Hispanic blacks (37.5 6 9.8) was
significantly different from that among
Hispanics (32.9 6 8.0, P , 0.0001) and
among non-Hispanic whites (32.36 9.0,
P, 0.0001). However, these differences
in maternal BMI by race status did not
differ across the three maternal diabe-
tes groups.

CONCLUSIONS

In this sample of 632 youth with recent-
onset type 2 diabetes, those exposed to
diabetes during pregnancy (whether the
mother was diagnosed with diabetes
prior to pregnancy or had frank gesta-
tional diabetes mellitus) were diag-
nosed at younger ages on average and
had greater dysglycemia at study base-
line compared with those who were not
exposed. These findings were associ-
ated with reduced b-cell function, as in-
sulin sensitivity was unaltered by either
maternal or paternal diabetes status. In
addition, lower b-cell function in study
participants whose mothers had ever
been diagnosed with diabetes was
found in racial/ethnic groups at higher
risk of diabetes.

The relationship between maternal di-
abetes and participant’s baseline meta-
bolic status appears modest but may be
meaningful considering the constraints on
the sample examined. Prior to randomi-
zation into the trial and collection of base-
linemeasurements, all participants had to
maintain HbA1c #8.0% (#64 mmol/mol)
for at least 2months onmetformin alone,
meaning that individuals with the poorest
glycemic control were excluded. In this
context, the increase in baseline HbA1c
from 5.9 to 6.2% (41 to 44 mmol/mol) in
those youth exposed to an intrauterine
diabetes environment compared with
those whose mother was never diag-
nosed may be meaningful, as the value
approaches the threshold for vascular
complication risk (18).

Comparing outcomes between those
whosemothers had diabetes during preg-
nancy with either those with a paternal
history of diabetes or those whose moth-
ers developed diabetes after delivery has
been used to assess whether the effects
reflect genetic transmission or exposure
to a diabetic environment in utero. In our

Figure 2—b-Cell functionmeasures (CPI and CPoDI) were compared by maternal diabetes status
and participant’s self-reported race/ethnicity. Maternal diabetes (DM) status was categorized as
ever or never diagnosed. The interaction between maternal diabetes status and participant’s
race/ethnicity was tested in models adjusting for participant’s sex and age at baseline, and
significant (P, 0.05) comparison categories are shown linked. Variables were log transformed
to normalize the distributions. oDI, oral disposition index.
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study as in others (2–6), the influence of
maternal diabetes was stronger than that
of paternal diabetes. Furthermore, b-cell
function was equivalently lower in those
whosemothers had diabetes during preg-
nancy versus after birth compared with
those youth whose mothers were never
diagnosed with diabetes, suggesting
transmission of a maternal factor inde-
pendent of diabetes status at time of ges-
tation. These findings are similar to those
reported by Kelstrup et al. (9) in studies of
nondiabetic adult offspring of women
with diabetes during pregnancy. How-
ever, it is possible that, in our sample,
mothers reporting diagnosis after the
pregnancy either actually had gestational
diabetes mellitus that was undiagnosed
or had mild dysglycemia that did not
meet the diagnostic threshold but was
sufficient to affect the offspring’s b-cell
function. In support of the latter, the birth
weight of offspring born to our mothers
with diabetes diagnosed after pregnancy
was intermediate between those whose
mothers had diabetes during pregnancy
and those whose mothers never had di-
abetes. Data from Kelstrup et al. (9) also
suggest that there is subtle dysglycemia
during pregnancy in mothers with posi-
tive family history of diabetes but with-
out overt diabetes during pregnancy.
The relationships we observed be-

tween maternal diabetes status and
youth participant baseline b-cell func-
tion and disease presentation are con-
cordant with other reports. Results from
the SEARCH for Diabetes in Youth Study
show that youth with type 2 diabetes
are more likely to have been exposed
to maternal diabetes during pregnancy
than nondiabetic control subjects (7)
and that youth whose mothers had di-
abetes during pregnancy were diag-
nosed at younger ages compared with
those whose mothers had diabetes di-
agnosed later (4). A reduction in b-cell
function is also evident in nondiabetic
offspring with a family history of diabe-
tes and typically is more pronounced
when the mother is affected (5,10).
The differences by maternal diabetes

across race/ethnicity found in subgroup
analysis require replication and addi-
tional research given our current under-
standing of the pathogenesis of type 2
diabetes. SEARCH found no effect of
race/ethnicity on the influence of ma-
ternal diabetes status on presentation
(6), and several other reports have

demonstrated that maternal diabetes
exposure reduced b-cell function in
predominantly European populations
(2,5,9). Thus, non-Hispanic white indi-
viduals are not immune to the effects
of maternal diabetes on insulin secre-
tion. The fact that the non-Hispanic
white participants whose mothers
were never diagnosed with diabetes
had indices of b-cell function as low as
those with mothers reporting diagnosis
of diabetes suggests additional factors
have affected b-cell function by the
time these adolescents presented with
type 2 diabetes. For example, theremay
have been racial/ethnic differences in
mothers of TODAY participants related
to diabetes control during gestation or
in quality of perinatal care received.

The strengths of our study are a well-
characterized, large cohort representa-
tive of youth with type 2 diabetes early
in the course of the disease. Limitations
include obtaining data on parents retro-
spectively and by self-report. Race/
ethnicity was based on the youth par-
ticipant’s self-report and may not re-
flect how the mothers and fathers would
characterize themselves. Also, we were
unable to assess severity or type of di-
abetes (i.e., type 1 vs. type 2) in mothers
and fathers, though it would appear that
type 1 diabetes was uncommon inmoth-
ers, as the majority were diagnosed dur-
ing or after the pregnancy and the
frequency of remission after birth was
high (60%). Because our main objective
was to examine the effects of exposure
of offspring to maternal diabetes during
gestation, the focus was on the presence
or absence of diabetes rather than type.
Correct ascertainment of parental dysgly-
cemia is supported both by prior studies
demonstrating validity of diabetes history
by questionnaire (7,19) and by the fact
that birthweights of offspring frommoth-
ers with diabetes during pregnancy were
increased as expected. Future studies
that would distinguish the effects on off-
spring according to parental diabetes
type would be of interest.

In conclusion, the impact of parental di-
abetes on offspring is evident even post-
diagnosis in the adolescent with type 2
diabetes. The relationships are complex
and likely mediated by both genetic and
fetal environmental factors (e.g., intrauter-
ine hyperglycemia resulting in epigenetic
changes) that influence b-cell function.
Racial/ethnic distinctions evident in this

sample are consistent with a growing
body of evidence indicating racial/ethnic
differences among various factors related
to the development of type 2 diabetes.
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